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NATIONAT. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MFMORANDUM

A PRELIMINARY INVESTIGATIOR OF THE USEFULNESS OF CAMBER

IN OBTAINING FAVORABLE AIRFOII—SECTION DRAG
CHARACTERISTICS AT SUPERCRITICAT. SPEEDS

By Gerald E. Kitzberg, Stewart M. Crandall,
and Perry P. Polentz

SUMMARY

An investigation wes made to determine the possibility of delaying
at moderate or large 1ift coefficients the onset of the abrupt super—
eritical drag rise of an airfoil section by the use of camber, An
analysis of the data from previous experimental studies, supplemented by
calculations of drag—divergence characteristics of two basic thickness
forms In combination with a varlety of mean lines, indicates that signifi-—
cant gains in high—speed drag characteristics are to be obtained by cam—
bering some airfoil sectioms. It was found experimentally, as predicted,
that for an NACA 0010 airfoll section marked increases in drag—divergence
Mach number are obtalned by cambering the airfoll for a design lift
coefficient of 0.3 with an NACA & = 1,0 mean line.

INTRODUCTION

Early attempts to design alrfoil sectlions which were advantageous
for high—speed applicatlons were based on considerations of the critical
Mach number. The critical Mach number of & cembered sirfoll section is
usually higher, at moderate 1ift coefficients, that that of the symmetri-
cal basic thickness form. However, when experimental data were obtalned,
it was found that the additlion of camber led to adverse effects on the
high-speed 1ift and pitching-—moment characteristics and, irn some cases,
on the drag characteristics too. Because of these unpromising results
no systemstic study has been made of the effects of camber on high—speed
force characteristics of sirfoll sections.

Reference 1 shows that the drag-divergence Mach number, the Mach
number at which the abrupt supercritical drag rise begins, provides a
more useful criterion than criticel Mach number for the study of the
effects of shape changes on alrfoil-section characteristics at high
speeds, This reference also suggests a method for calculating

TeSERLaLID
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drag—-divergence Mach number.

The purpose of this Investigation is to determine the possibility
of increasing,at moderate or large 1ift coefficients, the drag-divergence
Mach number of airfoil sections by the use of camber. Data of previous
experimental investigations were examined and an anelysis, using a methed
suggested by reference 1, was then made of the effect of a systemetic
variation of mean line on the drag—divergence Mach number of two basic
thickness forms. Ae a result of this analysis a cambered alrfoil section
was designed which was expected to have higher drag-dlvergence Mach number
at moderate 1ift coefficients than the basic thickness form. In order %o
determine whether the anticipated gains were realized end what effect this
shape change hed on other high—speed force characteristics, 1ift, drag, and
pltching-moment data were cbtained for the two (symmetrical and cambered)
airfoil sections in the Ames 1~ by 3-1/2—foot high-speed wind tumnel.
These data are compared with experimental values for the NACA 64A010 air—
foll sectlion, which is generally considered to possess good high-speed
characteristice.

NOTATION

a mean-line designation, fractlon of chord from leading edge over
which design load 1s uniform’

a, lift—curve slope, per degree
Qg angle of attack, degrees

c airfoil chord

cq gsection drag coefficient

) section 1ift coefflcient

cq 1 design section 1ift éoefficient

Cm, /t section pitching—moment coefficient a.bout qua.rter—chord po:lnt

M free—-s‘bream Ma.ch number

Mg drag—divéfgence Mach numbéf
(Mach number at which slope of curve of drag coefficlent versus
Mach number attains & value of 0.10.)

P pressure coeffic_ient (R’};q,)

- e QQ_ _
P . local static pressure
P free—stream static pressure
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Pp resultant pressure coefficient, difference between local upper—
and lower—surface pressure coefficients .

do free—stre_a.m dynamic pressure

x distance along chord

N distance perpendicuiar to chord

¥e mean—l ine ordinate -
ANATYSTS

Anelyeis of Experimental Data

Plots of the drag—divergence Mach number versus 1lift coefficlent are
presented in figure 1 for a number of cambered alrfoll sectlons derived
from four NACA basic thickness forms. The experimental data presented in
figure 1 were obtained from references 2, 3, and 4 and include substan—
tislly all the availlsble experimentel information applicable to the problem.
The calculatéd curves shown in this figure will be discussed later. For
the convenlence of the reader the types of thickmess distrlbutions and

mean—line shapes comsidered throughout the report are presented in figure 2.

The values of drasg—divergence Mach mumber presented in figure 1 were
determined as the free-stream Mach number &t which the slope of the curve
of drag coefficlent agalnst Mach number for a constant angle of attack has
a value of 0.1. Ordiparily this definition provided a good measure of the
free—stream Mach nmumber at which the drag coefficient cesased to be essen—
tially independent of Mach number and began to increase abruptly. However,
for data obtalned at Reynolds numbers below sbout 2 mlllion it was often
found that the incremse in drag coefficlent took place graduslly instead
of abruptly. TFor such data,the concept of drag divergence cccurring at a
definite Mach number has less utillty, and concluslions based thereon must

be made with less assurance., Flagged Symbqls are used in the Pigures to
indicate results of this nature.

The data of figure 1 show that, except for the thin NACA 16-006 series
airfoil sections, the addition of camber had little or nc beneficlal effect
on the drag—divergence Mach number at moderate 11ft coefficients (0.2 to
0.4). 1In the majority of cases, however, it is to be noted that signifi-
cant gains were obtained at high 1ift coefficients. If this gain could be

extended to lower values of 1ift coefficient, it would be adventageous to
do so. o " : oL

Analysis Utilizing Calculated Data

To 1nvéatiga.te the possibllity of extendiné the useful range of camber
to lower 1ift coefficlents, the method suggested In reference 1 was used to
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compute the effect on drag-divergence Mach aumber of a systematic variation
of canmber. A brief review of the theory of this reference and a numerical
example illustrating the method are presented in an appendix to this report.
In studying the effect of camber on the drag—divergence Mach number, it i1s
important to meke comparisons on the basis of equal 1lift coefficlents rather

, than equal angles of attack., This required introducing a slight variation
of the method of reference 1. Calculated values of drag-divergence Mach
nunber compared with experimental values in figure 1 indicate that this
calculation procedure leads to results which are in substantial sgreement
with experiment,

The effects of several types of camber lines, in combination with the
NACA 0010 and 64A0LO thickness distributions, on the calculated variation
of drag—divergence Mach number with 11ift coefficient are considered in
three categories: (1) Effects produced by different types of chordwise
distribution of cember, each with epproximately the same position of maxi-—
mum camber; (2) effects of marked variation of the position of maximum "
camber for cember lines with equal design 1ift coefficients; and (3)
effects of different amounts of camber for a given type of mean line. Each

of these wlll be discussed 1n_tu_1_'.'_a.

The calculated drag—dlvergence Mach numbers for the two airfoll sec—
tions to whick have been applied the KACA a = 1.0, 65, a = 0.k, and 64—
type camber lines are presented in figure 3. As may be seen in figure 2,
the first two of these camber lines have the position of maximum cenber
at 50-percent—chord station, snd the latter two at 4O percent. In each
case the amount of camber corresponds to a design lift coefficient of 0.3.
The principal observetion to be made from figure 3 is that, for a given
basic thickness form and a given chordwilse location of the point of maxi—
mum cember, the choice of the particular camber line to be used appears
to be of some importance but 1s secondary to effects of other cember vari-—
ations discussed later. It is also interesting to note that, although
applicetion of camber to the NACA 64A01O basic thickness form provides no
gain at 1ift coefficients smaller than about O.l, application of camber to
the NACA 0010 basic thickness form provides distinct improvement of the
drag—-divergence Mach number for 1ift coefficilents larger than about O.1.

The effect of varying the position of meximum camber for camber lines
with design 1ift coefficients of 0.3 is indicated in figure 4. The mean
lines used in this comparison are the NACA 62, 65, and 68 types. It is
noted (fig. 4(a)) that the NACA 68-type camber line (maximum camber at 80—
percent chord) offers moére improvement in drag—dlvergence Mach number than
does elther the NACA 65 or 62 camber line (meximum camber at 50—percent and
20-percent chord, respectively). Figure 4(b) indicates that with rearward
shift of the position of maximum camber there is an increase in drag—
divergence Mach number at 1ift coefficlents greater than about 0.2 and a
decrease In drag-divergence Mach number st smaller coefficients for the
NACA 0010 basic thickness form. '

The effect of varying the amcunt of camber,for the a = 1,0 type of
cgm‘ber line, iz shown in figure 5 for these same two basic thickness forms.
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At positive 1ift coefficlents up to about 0.5, the figure demonstrates
that the NACA 64AX10 airfoil sections have essentially the same drag—
divergence Mach number for varying amounts of camber corresponding to
design 1ift coefficients ranging from O to 0.3. For the NACA 0010
alrfoll section,large increases In the drag-divergence Mach numiber at
moderate gnd large 1ift coefflclents are found with amounts of camber
up to that corresponding to a design 11f% coefficient of about 0.3.
An amount of camber greater than that corresponding to a design 1ift
coefficient of 0.3 leads to further galns at large 11ft coefficlients
but to losses at small and modsrate 11ft coefficients for both basic
thickness forms,

Comparison of data contained in Pigures 3, 4, and 5 pertailning just
to the NACA 64A010 profile indicates that none of the camber lines con—
sldered produced significant increases In the drag-divergence Mach number
of the NACA 6LAOIO airfoil section at small or moderate 1ift coefficients.
In contrast, a simllar comparison for the NACA 0010 sirfoil section Indi-
cates that msrked improvement in the drag—-divergence Mach number charac—
teristice of this alrfoil section seems to be provided by some camber lines
In common usage, such for exsmple ss the a = 1.0 mean line. It is thus
concluded that profiles exist for which the proper cholice of camber may
elgnificertly Improve the high—speed drag characteristlcs, but that uni-
versal improvement Is not to be expected.

EXPERTMENTAT. TNVESTIGATION

To determine to what extent the predicted gaing from the use of camber -

could be attalned for an airfoil section considered in the preceding snslysis > ‘

tests of the NACA 0010 (reference 5) and NACA 0010, a = 1. 0, C1q = 0.3

alrfoil sections were made in the Ames 1- by 3—1/ 2—-foot high- speed wind
tunnel. The measured sectlon drag, 1ift, and pltching-moment coefficients
are presented In figure 6. The models were of 6—inch chord and the test

Reynolds number varied from 1 million to 2 milllor with incressing Mach
number,

Crose plots, for various constsnt section 1ift coefficients, of the-
veriations with Mach number of sectlon drag coefficient, section angle of
attack, section lift—curve slope, end section pitching-moment coefflcient
are presented in figures 7, 8, 9, and 10, respectively. Comparison with
similar date for the NACA 6HAO0LO airfoll section (reference 6) is made
because this airfoil section is generally considered to have good section
characterigtics at high subsonic Mach numbers and thus 1t provides a meas—
ure of the suitability of the cambered conventional airfoil for high—epeed
applications. _ . T

Examination of figure 7T shows that the addition of camber was very
effective In improving the drag characteristice of the uncambered basic
thickness form at section 11ft coefficilents of 0.2, 0.4, and 0.6. The

magnitude of the improvement, moreover, was enough to make the section
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drag coefficients for the cambered conventional sirfoil section as small
as, or smaller than, those of the symmetrical NACA 64A010 section. The
varlations with Mach number for conetant 1lift coefficient of the section
angle of attack, the section lift—curve slope, and the section pitching—
moment coefficient for the cambered NACA 0010 airfoil section (figs. 8, 9,
and 10) are all essentially similar to those of the NACA 6LAOLO airfoil
section throughout the range of Mach numbers for which data were ocbtained.

CONCLUDING REMARKS

The results of this investigation demonstrate that a proper addition
of cember to the NACA 0010 airfoil section lesds to significant improve—
ments in the drag characteristlcs at moderately supercritical speeds. It
has been shown ‘further thet,wlthin the test range of Mach numbers, ell the
high-speed aerodynamic characterilstics of thls cambered airfoll section are
equivalent to those of the NACA 64A010 airfoil section, which is generally
considered to have good high-speed charscteristics.

At Mach numbers above the meximum reached in these tests, 1t is prob—
able that the 1ift and pitching-—moment characteristics of cambered NACA
0010 airfoll sections will undergo large variations such as are character—
istic of other cambered sections. With some cambered sections it has been
poseible to reduce these. variations by use of upwardly deflected plain flaps.

The preliminary anslysis which has been made indicates that moderate
amounts of camber and a rearward location of the position of meximum camber
are most conducive to Increasing the drag-divergence Mach number at moderate
11ft coefficlents. An Important limitation to this working hypothesis 1s
that extreme rearward locstion of meximum camber limposes large adverse pres—
sure gradients over the rear portlon of the alrfoil upper surface. §Such
gradients might be expected to cause boundary-layer separation and hence
poor characteristics at high speeds.

Ames Aeronauticel Lshoratory,
Natlonal Advisory Committee for Aeronautlcs,
Moffett Field, Calif. :

AFPENDTX

Theoretical Basis for the Calculation
of Drag-Divergence Mach Number

An analysis of the experimental pressure distributions over a number
of airfoll sections was presented in reference 1. It was found that, for
an alrfoil section at a fixed angle of attack, as the free—stream Mach
number 1is increased past the critical Mach number, the local region of
supersonic flow over the alrfoil Increases in chordwise extent. However,
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“the sbrupt supercritical drag rise doés not begin until the supersonic
reglon envelops the airfoll crest. The alrfoll crest is the chordwise
location at which, for a given angle of attack, the tangent to the air—
foll gurface lies 1n the free—stream direction. After the shock wave
which terminates the supersonic region moves aft of the airfoil crest
the pressure distributlion over the forward portion of the ailrfoll variles
in such a manner that, with further increase in free—stream Mach number,
the local Mech number at each chordwise station remains essentially con—
stant. Thus, pressure coefficients ahead of the crest hecome less nega—
tilve while those on the afterportion of the airfoll continue to become
more negative. The resulting pressure drag ls the primary cause of the
abrupt supercritical drag rise. The free—stream Mach number at which
this abrupt drag rise begine, the drag—dlvergence Mach number, is calcu—
lated by determinling from the low-speed pressure dlstribution the free—
stream Masch number at which the local velocity at the alrfoll crest is
sonic. The significance of local sonlc velocity arises from the experi-
mentally observed fact that, as long a8 there 1s no extensive flow separa—
tion, the terminal shock wave 18 located near the point on the =sirfoll
surface at which the local pressure coefficlent corresponds to sonic
velocity. .

Numerical Example of Procedufe for Calculating the
Drag-Divergence Mach Number of an Airfoll Section

In calculating the varistlion of drag—divergence Mach number with 1ift
coefficlent for an airfoll section, it is convenient to determine the drag—
divergence Mach number and 1ift coefflicient for which the airfoil crest is
located at various standard chordwise stations. Thie 1s a comsequence of
the fact that the theoretical veloclty dlatributions for ailrfoll thickness
and camber shapes are usually tabulated at these standard stations. To
illustrate the procedure for celculating drag—divergence Mach number,
consider the condltions under which the crest is at the 0.20—chord station
for an NACA 0010 alrfoil section with an NACA a = 1.0 cauber line having
a design 11ft coefficient of 0.3. The thickness distribution for the NACA
0010 airfoil section is given in reference 7. From this, the slope of the
symmetrical airfoll at the 0.20—chord station can be found graphically to

_be 0.088. Although cambered airfoils are derived by adding the thickness
distribution perpendicular to the mean line, it is sufficlently accurate
to determine the slope of the upper surface of the alrfoil by taking the
sum of the slope of the basic thickness form and the slope of the mean

.1ine. Reference T contains the values of the slope of the NACA a = 1.0
camber lline at varlous standard stations. For a design 1ift coefficient
C14 of 0.3 the slope at the 0.20-—chord station is 0.033. Thus, for the

upper surface of the cambered airfoil, the tangent to the 0.20-—chord station
lies in the free—stream direction when

tan a, = 0.048 + 0.033 = 0.08L

which corresponds to an angle of attack of k.6°. Noting that for thin
airfoil sections the lift—curve slope is about 0.11 and that the WACA
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a = 1.0 ceamber line attains its design 1lift at zero angle of attack, it
follows that the low—speed additional 1ift coefficient (1ift coefficient
due to angle of attack) for the case being comsidered 1s 0.51. From
reference T, it 18 foumd that the local veloclty at the 0.20—<chord station
for the NACA 0010 section at an additional 1ift coefficient of 0.51 is -
1.312 times the free-stream velocity. The velocity—ratio increment due

to the camber loading is 0.075,so the total local velocity is 1.387 times
free—stream veloclty. The corresponding pressure coefficient is

P=1-(1.387)% = - 0.92

In order to determine the free—stresm Mach number M at which this pres—
sure coefflclent corresponds to the occurrence of local sonic velocity,
it 1s assumed that the pressure coefficlenit varies with Mach number in
accordance with the Prandtl-Glasuert compressibility factor. The problem
then reduces to the sclution of the equation

P _ 2 2 .M _1]
iz The|\z.5 " 6 /) _

For P equal to —0.92, M 1is found to be 0.62. The 1lift coefficient at
which 0.62 is the drag—divergence Mach number is then calculated to be 1.02
by correcting the low—speed 1lift coefficient 0.81, by the compressibility
factor. : D

Calculations must be made for a sufficlent number of chordwise stations
to define the curve of drag-dlvergence Mach number versus lift coefficient.
Values should be computed only for points behind sbout the T—percent—chord
statlion because calculations made for stations nearer the leading edge of
the airfoil are usually not in satisfactory asgreement with experiment.
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Figure |.— Effect of camber on the variation of drag-divergence Mach
number with section lift coefficient for several basic thickness forms.



 NACA RM A9G20

NAcA
9 - airfoil section Calculated Experimental
’ 16-006 EE— o
] : /16-/106 ———— o
T —ﬂ\\\ 16-306 ~ ———— o
—_ ] BT, /6-506 ——— A
g — ]
< N e —
24 - T
N N \
N P
5 - 5\
e N T AN
\
\ \ @
.6 :
o . 2 4 .6 .8 lo

Section lift coefficient, ¢,

(c) Basic thickness form, /6-006. pala from reference _4.

L2

Drag—d/i/ergence Mach number, My

NACA airfoil section Calculated Experimental

/16-009 ' -
16-209 - —_————
/16—409 _
/16-709 —_—

> O O o

& o ' Ty
7 I R B e ~¥ \A}\:: ~
AN ~= -
B\ A
N
.6 :
o 2 4 6 .8 10 1.2
Section lift coefficient, ¢, ~EEE

(d) Basic thickness form, 16-009. Data from reference 4 .

Figure [.—Concluded .

o1l



NACA RM A9G20

1 ] P ] !
NACA basic Thickness form

- ' ! L
. - 0010-44
/7] “\J{ 6440/0
p / /><’< - 16-0/0

y N

AT s TS

/)
/
%

/
Vi

4
IOOIO /00[0-4 4 . /6 -0/0\
_CZ .04 / %; %i\\\\
/// \_\54.40/0 4 \§§
[ h
00 2 4 6 g Lo
x/c LT

(a) Basic-thickness-form ordinafes and pressure
distributions. ' '

Figure 2— Shapes and pressure distributions of the various

airfoil—section mean lines and thickness distributions
considered.

13 -



14 o o _NACA RM A9G20

+ T I

NACA mean line
3 }
/ \(230
X 62
2 270
7 L ,0:0.4 /N
c/{ J/ \ WA |/64 65, 68\>/ \
N =[O
\%
% P 7 ; g 10
X/

Q
Q
0)
/'\)
3
Q
g\ -
—
Q
I
%Q |
A
i
i
S
2
&_

/
///7 §&§\\
Y/ &%

V4 2’ TR
D Z 4 G 5 10
ve o <mm

(b) Mean lines and mean —//ne load d/sfr/buﬂons
Figure 2—-Concluded .

3
i
oy

/
/

/

N



NACA RM ASG20

- 8 )
e
s ///
V-
NAGCA ' ~
mean fine \\
6 <
no comber
asl0  —————— -
&5 _—
S a=04 _—
64 — -
=2 o 2 4 6 £ Lo

Section lift coefficient, ¢
(a) Basic thickness form, NACA 64A40/0.

Drag —-divergence Mach number, Md
Y N

/\ L \J.
g - -~ /‘/\ —t— ~~
s I e {\‘\ -
5 4 ;;// = \\\sr\\:.\‘
- . . I~
\ \\\\\\\

- ’ ™~
.6 . ) \ ~
'3-2 ' o 2 - 4 ) g 1o

~ S-ecﬁon lrft coefﬁciéni, &
(b) Basic thickness form, NACA 00/0. . _ """

Figure 3.—- Effec? of type of mean line on calculated variation of dfag—

divergence Mach number with section lift coefficient. 'c,,.-o. 3.

15



16

Drag-d_i&ergence Mach number, My

.6 -
R

& - :

=2 .0 2 .4 6 8 10

NACA RM A9G20

B——
[ ¢ ' o~ = o \\
|~ \.Q_§ I ~—— -
» // \ = ~N—1
) . TR \\_. - [ ——
N. \\‘\ ~
ACA ~
5 mean line \ So
' no camber N
62  ——————n=
65 _—
5 €8 —_
@ - -
=2 0 2 42 ¥ L L0
_ Section lift coefficient, g '
(a) Basic thickness form, NACA 644010 .
.8
/ \\\ /\ -
/’/ ’\’\ >< -~ \\ .
/7 - ~ S~ -
4 /4 " T - T
7// L = (N o

//,
T //
v
A
N/
/1 /

Section lift coefficient, ¢
(b) Basic thickness form, NACA 00IO .

Figure 4.- Effect of chordwise location of maximum camber on colculoted

variation of drag-divergence Mach number with section lift coefficient.

6‘1’._-'0.3.



[y .
NACA RM A9G20 . : 17

.8
] o =S
/ . A /\§
7 e”
BRSNS
¢, i)
I,- \ ~
6 \\
o
d o ——mm———-
> A -
§ € T
3
-~
S 4
X 22 17} 2 4 6 8 1O
§ Section [lift coefficient, c(
. S, (@ Basic thickness form, NACA 64A0/0 .
$
E -8 / +
Q J>€ ~
8§ LT b P<Fsd
I~ Tl
A PTIRRT—
o % ~[ <
\ \\\J\'\\ T
6 s S
\\ Ny

S
=2 0 2 4 6
' Section liff coefficient, ¢

. (b) Basic thickness form, NACA 00/0.

Figure 5.— Effect of design lift coefficient on calculated variation of drag-

divergence Mach number with section lift coefficient for airfoil sections
with a=1.0 type mean lines. '



1 | ]
Raference 5

N /
.08 : ; f [ f
$ ] f i
ooz | Jf | 111/
:: L
i
ST
300 // J[ { }7

o y

Mach number, M

NAca 0o0/0

Section drog coefficient,

40 ; ;:

&
o
[~ 1

O
)
“‘F-_.._____IF\
o |

Q
+

M|
~——l |
—
————

02 / ’{

jaas

2 4 6 g A7

Mach number, M ~E
NacAa 001l0, a=10, ¢ =03
?

(a) Varigtion of section drag coefficient with Mach number,

Figure 6.— Measured varlation of sectlon force coefflclents with Mach numbsr for NACA 00/0 and

" WAGA 0010, a=1.0, ¢, 0.3 airfolls .

8T

02DV WY VOVN




DTDEY Wd VOVN

L2 L2
%
o feg) o
g N
E .8 z j o . Eh 8 : - L\A. W
‘.L?- e 2 LF/"W ) '.;-‘: "1 P
- .
® o 0 8 5—__+’0J
g 4 H ~/ s-=.=br‘"_ © g Y R
ey
g M W WD W %1, ry g—!"-o"‘” ° |
T AT |
= g :
2 0 — . H00-0G-00=01 = 0 ’«5@5
o Q
[ ®
@ Reference 5 » < %
-.4 -4 |
2 4 6 .8 1o 2 A ) 8 0

Flgure 6. —Confinued.

Mach number, M

NACA 00/0

(b) Varlation of section

Mach n'umber; M

NAGA 0010, a=10, 9703

lIft coefficient with Mach number,

61



Oe

c

y tm g.
R
-
%
Q
C‘m£
4

F
]
h
'

1
£

R;\L’\

i
)

|
p
varr—ﬂéé”

DN KD ®
Section pitching —
moment coefficieni,

Reference 5.

|

2 4 6 8 10 4 6 F: 0
Mach number, M : Mach number, M

)
e

Section pliching—
moment coefflclent,

[
hy
Lo ¢ b Qv

1
M

'
O
L
ot

NACA 0010 _ NACA 0010, a:1.0, cllarO.S
(c) Varlation of section pitehing - moment coefficient  with Mach number.

Figure 6,— Concluded.

0806V W VOVN




NACA RM AGG20 ’ 21

S
R

Q

N

N
A

/

‘-I-—-—r/
s — —]
—a——a—a ey

Section drag coefficient, cy
Section drag éoefﬂc/enf, ¢

o | ‘

Q

.6 7z & | .6 e ¥4
- Mach number, M Mach number, M
@) ¢, =0.1. (b) ¢ =02.
- . :
 NACA dirfoil section / / |
) 06 0010 (ref.5) 305 :
& |—— o010, / © f /
3 a=10, ¢, 0.3 T I
k- . 644010 (vef. 6)| 2 /
8 049} R .04 lLr
g RS
3 vl % ay.
8 Ae / S ’ / y
S /} / > /
S /7 S N
: .02 . A X .02 % 7
|~ S | L e
% —— 4 — -4 =" d‘s -
0.6‘ 7 NS o & 7 &
Mach number, M Mach number,M
(c)c,=04. - (d) c; =0.6. o
. Figure 7. — Variation of section drag coefficient with Mach number at

constant section lift coefficient.



22 .o 7. 'NACA RM ASG20

> d £
> et .
s = : S -\‘-\\‘\;/ /
s. m—— 'uu-_t-__*_\____ Q€
x" x
§ ¢ § ¢ -
-~ = ]
S S I /|
S S '
o — ] ® NACA dirfoil section
§ -2 S -2
S S [—— 00/0 (ref. 5)
S § —— 00/0,
§ "G ) a -/.0, C,. =03
B -4 . - & gl 64A0/10 (ref 6)
6 7o g 6 e .8
Mach number, M Mach number, M
(a) ¢g=ol. . () ¢, =02.
o 4 6
~— / ™ .
'g ——J =~ / 'g ™~ < /
- T \\\‘. / \\\
6 \N:/ g *\ //
~ . *" ‘\\4 1/
S 2 S 4 ~=
S
S g
5 fj S /
Q \ / © \
Q S 1
S S —
S S I
.% % N
3 8 , |
(0 - .
‘?6‘ 7 8 6 e 8 : -
Mach number, M Mach number, M
) c,<04. . =06

—_ e — —an

Figure 8.— Variation with Mach number of section angle of atlack at
constant section lift coefficient . : '



NACA RM ASG20 23

S .3 > 3
N N
R ~ g
Y / 3
- .2 —~ 4 o 2 /'/\\
Y P :
S Z \ ’_/\
K S =l L 2\
g ::/.,::/ _ g é_/_,ﬁ—’ \
Q (%) [ \
r ./ ../
S S
~ ~
S - S
Q
0
® 0.6‘ 7 .8 ' 0.6‘ -7 &
Mach number, M Mach number, M
(a) ¢; =0d1. ) ¢;=0.2.
>
S .3 > .3 —— -
5 < NACA airfoil section
% g 00I0 (ref. 5)
:. $ |——oorm0,
S 2 o 2 a=/0, 7 =0.3
S N\ S  |-———---644010 (ref. 6)
s =N ° T
S =1 | \ \| § == N\
{ - Q [ [~ AN
-, W4 DY 1 /
3 ES SR
S g
» _ ]
‘ 0.6 e .8 ) 0.6‘ e g
Mach number, M Mach number,M
lc) c;=0.4. (d) ¢, =0.6.

Figure 9.- Variation of section [lift—curve s/ope with Mac/) number at
consfam' section [ifi coefficient.



2k

i
.

moment coefficient, cp,
Q

1
g =
S L
] \\
.§ -/ - T~
-
S
0
6 7 8
Mach number, M
(a} CI =0/ ..
éat!- MACA airfoil section
c 0010 _ (ref. 5)
5 —— 0010,
S a=10, ¢, =03
S
8 ploo-- 644010 (ref 6
S = - — ¥ — — -
< —i 3 .
1S \\
S — ‘\\
O —— N
lE =/ \
N
(XY
3] \
§ =2
&
) .7 .8
Mach number, M
c) G =04.

Slw /

é .

\N

<

3

=

o
L§ OE=—==
S S _
E S \-\\

QS ~
S g -/ ™~
8
1951

.6 7 8

7
~

Mach number, M
{b} Cl =02.

- Q

—t ~—

Section pitching—-moment coefficient, Cn,

: 0

I IN
, < \

\\

N

=2 ~g \\

| ]

.6 w4 .8

(d} Cl =06.

Mach number, M

Figure [0.— Variation of section pifching -~moment coefficient with Mach
number at constant section lif! coefficient .

NACA-Langley - 10-7-48 - 400



